
A New Clone Sweeps Clean: the Enigmatic Emergence of Escherichia
coli Sequence Type 131

Ritu Banerjee,a James R. Johnsonb

Department of Pediatric and Adolescent Medicine, Mayo Clinic, Rochester, Minnesota, USAa; Veterans Affairs Medical Center and University of Minnesota, Minneapolis,
Minnesota, USAb

Escherichia coli sequence type 131 (ST131) is an extensively antimicrobial-resistant E. coli clonal group that has spread explo-
sively throughout the world. Recent molecular epidemiologic and whole-genome phylogenetic studies have elucidated the fine
clonal structure of ST131, which comprises multiple ST131 subclones with distinctive resistance profiles, including the (nested)
H30, H30-R, and H30-Rx subclones. The most prevalent ST131 subclone, H30, arose from a single common fluoroquinolone
(FQ)-susceptible ancestor containing allele 30 of fimH (type 1 fimbrial adhesin gene). An early H30 subclone member acquired
FQ resistance and launched the rapid expansion of the resulting FQ-resistant subclone, H30-R. Subsequently, a member of
H30-R acquired the CTX-M-15 extended-spectrum beta-lactamase and launched the rapid expansion of the CTX-M-15-contain-
ing subclone within H30-R, H30-Rx. Clonal expansion clearly is now the dominant mechanism for the rising prevalence of both
FQ resistance and CTX-M-15 production in ST131 and in E. coli generally. Reasons for the successful dissemination and expan-
sion of the key ST131 subclones remain undefined but may include increased transmissibility, greater ability to colonize and/or
persist in the intestine or urinary tract, enhanced virulence, and more-extensive antimicrobial resistance compared to other E.
coli. Here we discuss the epidemiology and molecular phylogeny of ST131 and its key subclones, possible mechanisms for their
ecological success, implications of their widespread dissemination, and future research needs.

Escherichia coli sequence type 131 (ST131) is a recently emerged,
extensively antimicrobial-resistant E. coli clonal group that has

spread explosively throughout the world, driving the rapid in-
crease in prevalence of antimicrobial resistance in E. coli (1–5).
Such widespread expansion of a single clonal group is unprece-
dented in E. coli populations, although it has been seen in other
antimicrobial-resistant pathogens such as methicillin-resistant
Staphylococcus aureus, penicillin-resistant Streptococcus pneu-
moniae, and the NAP1 strain of Clostridium difficile (6, 7), and was
foreshadowed by the notorious but less extensive expansion of E.
coli “clonal group A” (8–10). Despite ST131 being recognized as a
pandemic clonal group that threatens public health, ST131 has
received comparatively less attention in the United States than
have other antimicrobial-resistant pathogens. Here we review the
epidemiology and molecular phylogeny of ST131, possible mech-
anisms for its ecological success, and implications of its wide-
spread dissemination.

EARLY STUDIES OF ST131 EPIDEMIOLOGY AND RESISTANCE

ST131, which is defined by the sequences of the 7 housekeeping
genes that are commonly used for multilocus sequence typing
(MLST) in E. coli according to the Achtman MLST scheme (http:
//mlst.warwick.ac.uk/mlst/dbs/Ecoli), was first reported in 2008
by two research groups that were studying CTX-M-type extend-
ed-spectrum-beta-lactamase (ESBL)-producing E. coli (2, 11). By
2009, ST131 had been identified in 9 countries spanning 3 conti-
nents (3–5). ST131 belongs to (virulence-associated) E. coli phy-
logenetic group B2, and most isolates exhibit serotype O25b:H4,
except for a small subset that are serotype O16:H5 (12) and rare
variants with other serotypes (13). ST131 is associated with dis-
tinct combinations of extraintestinal virulence factors, compared
with non-ST131 E. coli (4, 14–17), and exhibits diverse pulsed-
field gel electrophoresis (PFGE) profiles, several of which pre-
dominate globally (18).

According to recent studies, the prevalence of ST131 among
human clinical E. coli isolates varies by geographic region and host
population, ranging overall from 12.5% (19) to nearly 30% (15,
20, 21) of E. coli clinical isolates. Like other extraintestinal patho-
genic E. coli (ExPEC) strains, ST131 causes a variety of extraintes-
tinal infections, including bacteremia, pneumonia, and urinary
tract, intra-abdominal, and wound infections. Whether ST131 is
associated with worse clinical outcomes than other E. coli strains is
unclear, since some studies suggest that ST131 is more likely to
cause persistent or recurrent urinary tract infections (20) or a
higher frequency of sepsis (22), whereas others have found no
difference in outcomes of infections with ST131 versus other E.
coli strains (23, 24). In one study, patients infected with ST131 had
persistent or recurrent symptoms in part because they received
empirical therapy with fluoroquinolones (FQs), which are ineffec-
tive against most members of this clonal group (20).

Regarding epidemiological correlates, it is not clear if ST131 is
more strongly associated with community settings or with health
care settings. Most of the studies that found a high prevalence of
ST131 among community-associated isolates have utilized conve-
nience samples of ESBL-producing E. coli or have not taken into
account the extent of health care contact among community
dwellers (25–27). In contrast, in a population-based cohort study
that evaluated consecutively collected isolates from Olmsted
County, MN, and recorded several host characteristics, including
health care exposure, ST131 was significantly associated with
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more health care-associated infections than community-associ-
ated infections (20, 28).

Other epidemiologic and ecologic associations include ST131’s
predilection for elderly hosts and its high prevalence among long-
term-care-facility (LTCF) residents in both the United States (20)
and Europe (29–34). Additionally, infections due to ESBL-posi-
tive ST131 have been associated with international travel (26, 35–
37). ST131 is also broadly disseminated among diverse nonhuman
sources, including companion animals, other animals, food
sources, and the environment (38–41). However, the prevalence
of ST131 colonization and infection is substantially greater among
humans than among nonhuman hosts (42, 43), evidence suggest-
ing that the ST131 pandemic is primarily a human-based phe-
nomenon.

Although ST131 first came to attention because of its associa-
tion with ESBL-producing E. coli strains, in particular, those ex-
pressing CTX-M-15, most ST131 isolates in many locales are
ESBL negative, but resistant to FQs, and often are coresistant to
aminoglycosides and/or trimethoprim-sulfamethoxazole (4, 19,
21). Among diverse patient groups from a variety of locales, ST131
consistently accounts for approximately 70% to 80% of FQ-resis-
tant isolates (4, 15, 19–21, 44–46), and for nearly two-thirds of
ESBL-producing isolates (4, 15), but for only 0% to 7% of FQ-
susceptible isolates (4, 15, 20). Much of the diversity of suscepti-
bility profiles among ST131 isolates, and possibly some of the
epidemiologic and host group associations, is explained by the
fine clonal structure of ST131, as discussed below.

H30 AND H30-Rx SUBCLONES OF ST131

Until recently, ST131 has been regarded primarily as a unitary
entity, despite clear evidence of genetic diversity at the level of
virulence gene content and pulsed-field gel electrophoresis pro-
files. The fine clonal structure of ST131 was recently elucidated by
using multiple molecular typing methods (15, 47, 48). This led to
the identification of multiple ST131 subclones with distinctive
resistance profiles and provided insights into the relative impor-
tance of horizontal gene transfer or mutation, versus clonal ex-
pansion, in the pandemic emergence of ST131 and its character-
istic resistance traits.

The most prevalent subclone of ST131, called H30 because it
contains the H30 variant of the type 1 fimbrial adhesin gene fimH,
was identified initially through sub-ST analysis of over 1,000 his-
torical and recent E. coli isolates (both ST131 and non-ST131)
using a combination of typing strategies, including sequencing of
fimH, gyrA, and parC, multilocus sequence typing (MLST), and
PFGE (44). Investigators observed that the H30 ST131 subclone
comprised approximately half of all recent FQ-resistant E. coli
isolates from diverse locales and sources, compared with �1% of
FQ-susceptible isolates, and that the H30 lineage first appeared in
2000 and expanded abruptly thereafter. The close genetic similar-
ity of most H30 strains suggested that they all arose from a single
fimH30-carrying ancestor. This indicated that the dramatic emer-
gence of FQ-resistant ST131 strains has been driven by clonal
expansion and dissemination rather than by independent acqui-
sition of FQ resistance genes in heterogeneous strains.

Further support for this conclusion was provided by the find-
ing of a tight linkage between the H30 ST131 subclone and a single
FQ-resistance-conferring gyrA-plus-parC allele combination, de-
spite evidence for widespread horizontal transfer of gyrA and parC
alleles among other lineages (44). The H30 ST131 subclone was

also found to be associated with combined resistance to �3 anti-
biotic classes and with CTX-M-15 (44). A novel and rapid form of
sequence typing based on sequencing of the fumC and fimH loci
(called CH typing) reliably identifies H30 ST131 as clonotype
CH40-30 (22, 47) and has been used in subsequent studies to
detect the H30 subclone, as has a PCR-based assay that detects
fimH30-specific single-nucleotide polymorphisms (SNPs) (15).

More recently, an important sublineage within H30, called
H30-Rx because of its more extensive antimicrobial resistance
profile, was identified by Price et al. using whole-genome phylo-
genetic analysis (48). Those investigators first analyzed 524 ST131
isolates collected between 1967 and 2011 using PFGE and found
intermixing of FQ-resistant, FQ-susceptible, CTX-M-positive,
and CTX-M-negative strains within the PFGE tree, suggesting fre-
quent horizontal acquisition of FQ resistance and ESBL genes.
However, when 105 of these isolates underwent whole-genome
sequencing and SNP analysis to reconstruct the phylogeny of
ST131, both FQ resistance and CTX-M-15 were shown to be al-
most entirely confined to the H30 subclone, which formed the
most highly derived portion of the tree. Moreover, within H30,
those H30 strains that carried CTX-M-15 formed a discrete sub-
lineage, H30-Rx, that was separated from ESBL-negative H30
strains by 3 core genome SNPs.

These data indicate that the H30 ST131 lineage comprises a
series of nested subclones, all derived from a single common FQ-
susceptible H30 ancestor. Within H30, the FQ-resistant subclone,
i.e., H30-R, encompasses nearly all FQ-resistant ST131 isolates,
whereas within H30-R, the H30-Rx subclone encompasses the
vast majority of CTX-M-15-containing ST131 isolates (Fig. 1).
This nested clonal structure results in a continuum of antimicro-
bial resistance among H30-associated ST131 subclones, from the
most susceptible, H30 (non-R, non-Rx), to the more resistant
H30-R, to the most extensively resistant, H30-Rx (17, 48). The
study by Price et al. confirmed at the whole-genome level that
clonal expansion is indeed the dominant mechanism for the rising
prevalence of CTX-M-15 production and FQ resistance, both in
ST131 specifically and, given the prominence of ST131 among
resistant E. coli strains, in E. coli generally. Petty et al. indepen-
dently reported similar findings shortly thereafter (49).

FIG 1 Schematic dendrogram of ST131 phylogeny reconstructed using
whole-genome single nucleotide polymorphism analysis. Arrows indicate
emergence of fimH30 allele, FQ resistance, and CTX-M-15 ESBL. Colors indi-
cate resistance traits significantly associated with (although not confined to)
specific lineages. FQ, fluoroquinolone; TMP-SMZ, trimethoprim-sulfame-
thoxazole; R, resistance.
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The prevalence and resistance phenotypes of the H30, H30-R,
and H30-Rx ST131 subclones have thus far been characterized in
only a few populations. Among E. coli clinical isolates from U.S.
veterans in 2011, ST131 accounted for 78% and 64%, respectively,
of FQ-resistant and ESBL-producing isolates but only 7% of FQ-
susceptible isolates. Among these ST131 isolates, the H30 ST131
subclone (encompassing all H30, H30-R, and H30-Rx isolates)
accounted for 95% to 98% of FQ-resistant or ESBL-producing
isolates but only 12.5% of FQ-susceptible isolates (15). Similarly,
in a case-control study conducted in the Chicago region, approx-
imately half of ESBL-producing E. coli isolates were ST131, and of
those ST131 isolates, 98% were H30 and 92% were H30-Rx (17).
In that study, aggregate resistance scores were higher among H30
than non-H30 ST131 isolates.

Few studies have evaluated host factors associated with these
important ST131 subclones. In a population-based study of con-
secutively collected E. coli isolates in Olmsted County, MN, the
prevalence of ST131 subgroups (classified broadly as H30 versus
non-H30) varied with patient age and type of infection. Specifi-
cally, non-H30 subclone ST131 isolates (encompassing isolates
with fimH alleles 41 and 22 and others) were more common
among young patients, whereas H30 isolates predominated
among patients older than 50 years (28). Additionally, H30 ST131
was also significantly more prevalent among health-care-associ-
ated (43%) than among community-associated (11%) isolates. In
a multicenter study utilizing CH typing to analyze �1,600 ex-
traintestinal E. coli isolates, CH clonotype 40-30, corresponding to
the H30 subclone of ST131, was the most prevalent clonotype
overall and was statistically associated with recurrent or persistent
urinary tract infections and sepsis (22). Price et al., who further
divided the H30 subclone into H30-Rx and H30-non-Rx isolates,
observed that sepsis was significantly associated specifically with
H30-Rx, whereas the (non-Rx) H30 and the non-H30 ST131 iso-
lates had associated sepsis rates no different from those of non-
ST131 isolates (48). Whether these differential outcomes classified
by ST131 subclone are related to pathogen or host factors is not
clear.

O16 SUBCLONE OF ST131

A small subset of ST131 isolates exhibits serotype O16:H5. Such
strains derive from the most basal clade with the ST131 phylogeny,
well separated from the more prominent O25b:H4 ST131 clade
(Fig. 1). The O16 and O25b subsets within ST131 are identified as
representing distinct STs according to the Pasteur Institute (but
not the Achtman) MLST schema (50, 51). The O16 ST131 isolates
uniformly contain the fimH41 allele, whereas most O25b:H4
ST131 isolates have the fimH30 allele, a minority have fimH22, and
the remainder have one of several rarer fimH alleles (12, 52). O16
ST131 isolates also have distinct combinations of gyrA and parC
alleles compared with other ST131 isolates (12, 52). The O16
ST131 subclone is not detected by a commonly used PCR screen-
ing assay for ST131 that targets the O25 rfb variant and pabB (12).
In contrast, it is detected both by PCR amplification of a subclone-
specific allele of trpA and by combined detection of the O16 rfb
variant and ST131-specific alleles of mdh and gyrB (12).

Characteristics of the O16 ST131 clade were recently described
within two large clinical E. coli collections (total n � 4,239). The
O16 ST131 isolates accounted for 1% to 5% of the E. coli isolates
from each contributing center. Additionally, comparison with a
large private reference library identified O16 ST131 isolates col-

lected from humans and pets in diverse geographic regions. O16
subclone isolates had a higher prevalence of resistance to trim-
ethoprim-sulfamethoxazole and gentamicin than the H30 ST131
subclone isolates but a lower prevalence of resistance to FQs and
ceftriaxone (Table 1). The O16 ST131 isolates broadly resembled
O25b:H4 ST131 isolates for virulence genotype and experimental
virulence in mouse models, although in a separate study O16
ST131 isolates killed mice less rapidly than did O25b:H4 ST131
isolates (12, 52).

BASIS FOR ST131 EMERGENCE

It is remarkable that the pandemic emergence of ST131, and spe-
cifically its H30-R and H30-Rx subclones, occurred over less than
10 years (4, 5, 44). Reasons for the successful dissemination and
expansion of ST131 remain undefined but may include higher
transmissibility, a greater ability to colonize and/or persist in the
intestine or urinary tract, enhanced virulence (i.e., ability to cause
disease), and more-extensive antimicrobial resistance compared
to other E. coli. Evidence pertaining to each of these mechanisms is
discussed below.

Transmission. Multiple case reports describe seemingly effi-
cient person-to-person transmission of ST131. Intrafamilial
transmission of ST131 is suggested by the occurrence in an
8-month-old girl of septic arthritis and osteomyelitis caused by an
ST131 isolate with the same PFGE profile as a FQ-resistant ST131
isolate from her mother’s feces (53). Similarly, nearly identical
ST131 CTX-M-15-producing strains caused severe infections in 2
adult sisters who resided temporarily in the same home (48, 54,
55). Likewise, in a reported father-daughter pair, the adult daugh-
ter, who had limited contact with her elderly father, visited him
once while he was hospitalized for treatment of E. coli pyelone-
phritis and renal abscesses and used his hospital room lavatory.
She subsequently developed septic shock, E. coli bacteremia, and
emphysematous pyelonephritis. The two patients’ infections were
caused by ST131 strains with highly similar PFGE profiles, sug-
gesting possible host-to-host transmission during the patients’

TABLE 1 Prevalence of antimicrobial resistance shown by ST131
subclone

Drug

% prevalence of resistance, range

ST131

Non-
ST131a,fO16a

O25b

Non-
H30b

H30

All
H30c

H30-R

H30-R,
non-Rxd H30-Rxd,e

Ampicillin 87–94 61–80 76–88 98 34–48
Gentamicin 31–44 6–20 20–30 32 3–6
TMP-SMZg 57–66 23–40 42–51 45 13–26
Ciprofloxacin 7–19 0–36 84–100 100 98–100 9–14
Ceftriaxone 0–13 3–29 4–25 6 77–89 2–8
a Data are from reference 12.
b Data are from references 12, 28, and 48.
c Including H30-Rx plus other H30; data are from references 12, 15, 22, 28, and 44.
d Data are from reference 48.
e Data are from reference 17.
f Data are from reference 15.
g TMP-SMZ, trimethoprim-sulfamethoxazole.
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brief hospital room encounter (56). ST131 strain sharing has even
been documented between 2 dogs and 3 cats within a household
(57).

Regarding within-institution transmission, recent evidence
suggests spread of a CTX-M-15-producing ST131 strain within
a French day care center, where 7 children had intestinal colo-
nization with the same strain (58). At the other extreme of the
age spectrum, several residents of LTCFs in Olmsted County,
MN, had intestinal colonization with ST131 isolates that exhib-
ited similar PFGE profiles, which clustered by LTCF, suggest-
ing within-facility horizontal transmission (R. Banerjee, un-
published data). Although close person-to-person contact is
known to be associated with multihost sharing of extraintesti-
nal E. coli strains (59–62), whether ST131 is more efficiently trans-
mitted than other E. coli strains is unknown and deserves system-
atic evaluation.

Colonization. Because intestinal colonization with extraintes-
tinal E. coli is believed to be a prerequisite for extraintestinal in-
fection (63), it also is possible that superior intestinal colonizing
ability underlies the widespread dissemination of ST131. In a
mouse model of intestinal colonization, an ST131 strain outcom-
peted the several tested commensal strains when it was mixed with
them in a 1:1 ratio and administered enterally into streptomycin-
pretreated mice. Although that study was limited by its evaluation
of only a single ST131 strain, it provided evidence that at least
some ST131 strains can efficiently colonize the intestine (64).

It is unclear whether the prevalence or duration of intestinal
colonization in humans is different for ST131 compared to other
E. coli strains or for the more successful ST131 subclones (i.e.,
H30, H30-R, and H30-Rx) compared to other ST131 subclones
(e.g., H41 and H22). In studies of the prevalence of ST131 carriage
among individuals colonized specifically with ESBL-producing E.
coli, ST131 colonization rates have varied greatly by patient pop-
ulation, from nearly 10% among healthy adults (65) and healthy
mother-newborn pairs (66) to 38% among hospitalized interna-
tional patients (36) and 44% among children in French day care
centers (58).

However, fewer studies have evaluated the prevalence of ST131
among “all-comer” fecal E. coli isolates, without selection for
ESBL production. Kudinha et al. noted ST131 prevalence values of
0% to 4% among fecal E. coli isolates from 580 healthy children,
men, and women in Australia (67–69). In contrast, among 133
elderly residents of LTCFs in Olmsted County, MN, 24% subjects
had fecal colonization with ST131 (Banerjee, unpublished). Sim-
ilarly, among adult inpatients admitted to two urban hospitals in
the United States who had intestinal colonization with FQ-resis-
tant E. coli, approximately 25% were colonized with ST131 (J. R.
Johnson, unpublished data). Taken together, those studies suggest
that ST131 intestinal colonization rates are likely to vary by ESBL
status, host characteristics, and geographic region. Comparisons
with other E. coli lineages are needed to help interpret these find-
ings.

Virulence. It is also possible that the globally increasing prev-
alence of ST131 among clinical isolates is occurring because ST131
strains are more virulent than other E. coli strains, giving it a fit-
ness advantage in the pathogenic niche. However, the available
molecular epidemiological, conventional epidemiological, and in
vivo experimental data that bear on this question are conflicted,
pointing to no clear answer. In molecular epidemiological studies,
ST131 is consistently found to have a greater number of virulence

factor genes (i.e., higher aggregate virulence scores) than other
comparably antimicrobial-resistant E. coli strains (4, 15, 16).
Moreover, within ST131, the H30, non-H30, and H30-Rx sub-
clones have characteristic virulence profiles that are distinct from
those of non-ST131 E. coli, conceivably conferring enhanced vir-
ulence (17). In that regard, Blanco et al. have recently used the
presence of specific virulence genes to define five main virotypes
within ST131 that appear to have distinct epidemiologic correlates
(70) and virulence phenotypes in a mouse model, as discussed
below (52). ST131 isolates have also been noted to have a high
prevalence of biofilm production, which may be an important
virulence-promoting trait (67).

Conventional epidemiological studies provide some support
for the prediction of enhanced virulence of ST131 by demonstrat-
ing that ST131 is more prevalent among invasive than noninvasive
E. coli isolates. In a series of studies from Australia, ST131 ac-
counted for 30% of pyelonephritis isolates among E. coli isolates
from women, versus only 13% of cystitis isolates and 4% of fecal
isolates, and similar prevalence trends were seen among men and
children (67–69). Likewise, in a study from the United Kingdom,
ST131 prevalence was 21% among bacteremia isolates compared
to only 7% among urinary isolates (71). Additionally, as noted
above, H30 (and, specifically, H30-Rx) ST131 strains have exhib-
ited epidemiological associations with sepsis (22, 48).

However, all of these studies lack detailed patient-level clinical
information, which is an important limitation, since host factors
and portal of entry impact disease severity and outcomes of inva-
sive E. coli infections (72). Indeed, when investigators adjusted for
host factors, no differences in cure or mortality were found be-
tween patients with infections due to ST131 and those with infec-
tions due to other E. coli strains (20).

Studies using experimental animal models likewise do not
clearly support the hypothesis that ST131 is more virulent than
other E. coli strains. For example, Lavigne et al. assessed the viru-
lence of 3 ST131 and 6 non-ST131 E. coli strains in infection mod-
els involving Caenorhabditis elegans (a nematode) and zebrafish
and concluded that ST131 strains were no more virulent than
non-ST131 E. coli strains (73). Furthermore, virulence levels dif-
fered among the 3 tested ST131 strains, and a given strain’s viru-
lence was not consistent across the nematode and zebrafish mod-
els, raising questions about which, if either, model best predicts
virulence in humans (73).

Similarly, 4 different studies using mouse models to investigate
ST131 virulence yielded discordant results. Using a mouse sepsis
model, Clermont et al. demonstrated that the 4 studied ST131
strains were highly virulent, each killing all 10 challenged mice
(74), although this might have reflected in part the nonphysiologi-
cal nature of the model, which involves the subcutaneous injec-
tion of 109 CFU/ml bacteria into the abdominal wall (64). Using a
similar mouse subcutaneous sepsis model, Johnson et al. assessed
61 ST131 and non-ST131 isolates and found a wide range of le-
thality overall, with no correlation between mouse lethality or
illness severity and either ST131 status or FQ resistance (75). Mora
et al. used a similar mouse subcutaneous sepsis model to assess the
virulence of 23 ST131 clinical isolates and found that two-thirds of
the strains were highly lethal, killing �90% of inoculated mice.
Virulence levels differed by virotype, with virotypes A, B, and C
(all H30 associated) being most lethal and virotypes D (H22 asso-
ciated) and E (rare; H30 associated) being least lethal (52). Lastly,
Vimont et al. evaluated an ST131 strain in a mouse model of
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ascending urinary tract infection (64) and observed higher blad-
der and kidney concentrations with the ST131 strain than with the
two non-ST131 comparison strains, suggesting that at least some
ST131 strains may have an enhanced ability to acutely colonize the
urinary tract (64, 76).

The discrepant results from the various mouse model stud-
ies possibly can be explained by the use of different models,
experimental conditions, and strains or by chance. It also is
possible that current models that involve subcutaneous or
transurethral inoculation, and that assess only short-term end-
points, bypass critical steps in the pathogenesis pathways where
ST131 may have a fitness advantage in nature, such as vaginal
or periurethral colonization, entry into or persistence within
the urinary tract, or penetration into tissue or the bloodstream
from a primary urinary tract source.

Resistance. Widespread use (including much misuse) of anti-
microbials has likely contributed to the emergence and spread of
ST131. The strong association between H30 ST131 and FQ resis-
tance suggests that use of FQs, the most commonly prescribed
antibiotics in many parts of the world, likely has driven the expan-
sion of H30 ST131. Likewise, use of extended-spectrum cephalo-
sporins may have driven the expansion of H30-Rx, which is
strongly associated with CTX-M-15. A few in vivo studies suggest
that FQ-resistant E. coli stains may not be less fit than FQ-suscep-
tible strains and that they are able to become effective intestinal
colonizers during FQ selection pressure and even after FQ with-
drawal (77, 78).

Still, why extensive antimicrobial use should select specifically
for ST131 over other antimicrobial-resistant E. coli strains is not
immediately apparent. Notably, compared to other resistant E.
coli strains, although H30 ST131 strains have similarly (or even
slightly less) extensive antimicrobial resistance profiles overall,
they are more likely to be resistant specifically to first-line agents
such as FQs and extended-spectrum cephalosporins. Addition-
ally, compared with other FQ-resistant isolates, FQ-resistant H30
ST131 strains may have higher FQ MICs, thereby potentially hav-
ing an advantage in the presence of FQ selection (Johnson, un-
published).

Epidemiological evidence supports the idea of an associa-
tion between antibiotic exposure and ST131 infection and col-
onization. For example, in a population-based cohort study,
after multivariable adjustment, antecedent use of FQs and ex-
tended-spectrum cephalosporins was significantly associated
with development of an ST131 infection (20). Similarly, in sev-
eral case-control studies, recent use of antibiotics was a risk
factor for ESBL-producing E. coli infections (26, 31). The high
prevalence of ST131 in environments with extensive antimicro-
bial use, such as health care settings and LTCFs, indirectly sup-
ports the idea that antimicrobial use facilitates ST131 propaga-
tion.

CONCLUSIONS

Recent molecular epidemiologic studies utilizing advanced tech-
nologies such as whole-genome phylogenetic analysis have dem-
onstrated that the H30 ST131 lineage emerged in 2000, followed
by rapid expansion of its subclones H30-R and H30-Rx, thereby
dramatically changing the population structure of E. coli. Most
current FQ-resistant E. coli strains originated from a common
H30-R ST131 ancestor, which gave rise to what are now the most
prevalent and among the most extensively antimicrobial-resistant

human-associated E. coli lineages in the world. With its combina-
tion of multidrug resistance and ecological success, H30 ST131
counters the hypothesis that increased antimicrobial resistance
entails a significant fitness cost.

The explosive expansion of ST131 has important clinical im-
plications. This expansion has been greatest in health care settings
and LTCFs, which are characterized by frequently suboptimal in-
fection control practices, numerous direct interactions among pa-
tients/occupants, and extensive antimicrobial use. This empha-
sizes the necessity of implementing in these settings rigorous
antimicrobial stewardship programs (especially those that focus
on reducing use of FQs and extended-spectrum cephalosporins)
and effective infection control interventions (including hand hy-
giene campaigns and environmental disinfection). Because LTCF
residents move frequently between community and hospital set-
tings and are reservoirs for ST131, as well as for other multidrug-
resistant organisms, more research should focus on the role of
LTCFs in facilitating spread of ST131 (79). Notably, however,
there is currently no evidence to suggest that active surveillance
and contact isolation for ST131 among hospitalized LTCF resi-
dents would prevent ST131 spread in hospitals or be cost-effec-
tive.

To prescribe more-effective empirical antimicrobial ther-
apy, clinicians require increased awareness about ST131 and its
high prevalence and extensive antimicrobial resistance capabil-
ities and which patients are at risk for it. However, because
reliance on clinical risk factors alone may fail to identify many
patients with ST131 (80), rapid diagnostic tests that can quickly
detect H30 and H30-Rx are also needed (22, 81) and may lead
to more-timely, better-targeted antimicrobial therapy and im-
proved clinical outcomes. Additionally, vaccines that target
H30-associated antigens, and other H30-specific interventions
directed toward the intestinal tract (or, in women, vaginal col-
onization), may reduce the reservoir of asymptomatic individ-
uals colonized with ST131, in turn reducing the number of
infected patients.

In summary, the current global epidemic of antimicrobial-
resistant E. coli infections has an important clonal basis, being
driven largely by the dissemination and expansion of ST131 and
specifically by its nested H30-R and H30-Rx subclones. Like the
proverbial new broom that sweeps clean, this cluster of newly
emerged E. coli lineages has made a clean worldwide clonal sweep.
The basis for the tremendous epidemiological success of these
ST131 subclones is poorly understood but may include one or
more of the following factors: increased transmission and/or col-
onization capacity, more-extensive or intense antimicrobial resis-
tance, and enhanced virulence. Future research should address
these hypotheses, through animal and human studies that assess
overall transmissibility and prevalence and duration of intestinal
colonization of ST131 compared to other E. coli strains and in vitro
and animal studies that evaluate the molecular basis for differ-
ences in the transmission, colonization capacity, and virulence of
ST131 subclones. Clinical studies are also needed to investigate the
impact of specific infection control and antimicrobial stewardship
interventions on ST131 prevalence (as both a commensal and a
pathogen) in hospitals and LTCFs. It is only by better understand-
ing ST131’s secrets of success that we can hope to develop strate-
gies to interrupt its continued emergence and spread.
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ADDENDUM IN PROOF

A recently published review of ST131 phylogeny and epidemiol-
ogy also highlights the remarkable global dissemination of the
ST131 clonal group (M. H. Nicolas-Chanoine, X. Bertrand, and
J. Y. Madec, Clin. Microbiol. Rev. 27:543-574, 2014, doi:10.1128/
CMR.00125-13).
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